Thiobacillus ferrooxidans inhabits the drainage in acid mines and is used for bacterial leaching. Since a high concentration of soluble Fe3 + is always available for T. ferrooxidans in its natural environment, there is a possibility that this bacterium possesses unique enzymes which utilize Fe3+ to oxidize reduced inorganic compounds. It was found that T. ferrooxidans AP19-3 possesses sulfur : ferric ion oxidoreductase (SFORase), which catalyzes the reduction of ferric ion (Fe3 +) with elemental sulfur to give Fe2+ and sulfite.1'2) Results supporting that this enzyme actually operates during the growth of this strain on sulfur-salts mediumhave accumulated.3~5) These results prompted us to search, in T. ferrooxidans API9-3, for other enzymesystems which utilize electron acceptors other than Fe3+ or molecular oxygen to oxidize elemental sulfur.
It is interesting to determine whether or not 185 T. ferrooxidans possesses an enzymesystem for reducing Mn4+to Mn2+because the content of manganesein the earth's crust is relatively high (0.1%). Leaching of manganese dioxide by T. thiooxidans6J) and T. ferrooxidans8 '9) was studied, with cultures of these thiobacilli rowing on sulfur-salts medium. A leaching mechanism for manganese was postulated for T. thiooxidans, in which Mn4+ is reduced by inorganic sulfur intermediates formed during sulfur oxidation, such as sulfide and sulfite. However, there have been no reports on the precise mechanism of Mn4+reduction with washed intact cells of those thiobacilli. In this work, we elucidate the mechanism of Mn4+reduction by washed intact cells of T. ferrooxidans in elemental sulfur in one step could not be observed in the cell-free extract prepared from iron-grown T. ferrooxidans AP19-3.
MATERIALSAND METHODS
Microorganism. The obligate chemolithoautotroph, T. ferrooxidans AP19-3,1O)ll) was used throughout this study.
Media and conditions for cultivation. The composition of the ten times concentrated basal salts solution used was as follows:
(NH4)2SO4, 30g; KC1, 1 g; K2HPO4, 5g; MgSO4-7H2O, 5g; Ca(NO3)2, 0.1 g; deionized water, 1000ml; and concentrated H2SO4, 25 ml. The iron-salts medium used for the large scale production of cells was prepared by adding 1 1 of the ten times concentrated basal salts solution, 8 1 of deionized water and 300g of FeSO4-7H2O to a 101 carboy. An active culture of iron-salts grown T. ferrooxidans API9-3 (1 1) was inoculated into the 9 1 of iron-salts medium described above, followed by cul- washed intact cells of iron-grown T. ferrooxidans API9-3, 5mg of protein; and sodium cyanide, 25/miol. The total volume was 10ml. The amount of Mn2+produced chemically was always checked throughout this study by using lOmin-boiled washed intact cells (5mg of protein) in the reaction mixture instead of native washed intact cells (5mg of protein).
The reaction was carried out in a shaking bath at 30°C. One part of the reaction mixture was withdrawn and centrifuged at 12,000 x g for 2min, and then the amount of Mn2+in the supernatant thus obtained was determined by atomic absorption spectrometry with a Shimadzu AA-625-01 spectrophotometer with an air-acetylene flame. ,0.1mg; å¡, lmg; x, 3.5mg; A, 5mg; å , 10mg; #, 20mg; 3, 50mg) required for the SFORase activity. As shown in Fig. 4 (Fig. 5A ). The amount of sulfite produced by partially purified SFORase from irongrown T. ferrooxidans AP19-3 was also greatly decline by MnO2 (Fig. 5B) . If SFORase is involved in Mn4+reduction, the amount of Mn4+reduced should increase whenFe3+ is supplied to the reaction mixture because Fe3+ is absolutely required as an electron acceptor for elemental sulfur. As shown in Fig. 6 , the amount ofMn4+ reduced increased with the addition of Fe3+ to the reaction mixture.
If SFORase is involved in Mn4+reduction, the amount of Mn4+reduced should increase whencyanide is added to the reaction mixture because cyanide strongly inhibits iron oxidase of T. ferrooxidans and as a results, Fe2+ produced by SFORase is not oxidized by molecular oxygen but by MnO2added to the reaction mixture chemically. Cyanide enhanced the activity of Mn4+reduction ca. 10-fold at 2.5mM (Fig. 7) shown in Fig. 8 . The reduction ofMn4+ occurs through two steps, an enzymatic one and nonenzymatic one, in this strain. In the first step, elemental sulfur is enzymatically oxidized by SFORase to give Fe2+ and sulfite, and in the second step, these two reduced compounds non-enzymatically reduce Mn4+ to Mn2 +
